R
enal disease is one of the most serious complications of systemic lupus erythematosus (SLE). Up to two thirds of patients with SLE have renal disease at some stage of their illness. 1 Manifestations of lupus nephritis are protean, ranging from asymptomatic proteinuria to rapidly progressive crescentic glomerulonephritis. Of the various histological classes, diffuse proliferative glomerulonephritis (DPGN) (WHO class IV) carries the worst prognosis, resulting in 11-48% of patients with end stage renal disease at five years. [1] [2] [3] [4] [5] [6] The outcome is particularly bad for some ethnic groups such as the American black subjects. 5 6 Focal proliferative glomerulonephritis (WHO class III) with 50% or more of the glomeruli affected has been shown to be prognostically similar to class IV disease and should be treated with equal vigour. 7 8 Cyclophosphamide (CYC) has proven benefit in the long term preservation of renal function in severe lupus nephritis. CYC, given either orally or as intermittent pulses together with corticosteroid, has been evaluated in randomised controlled trials at the National Institutes of Health (NIH). [9] [10] [11] [12] [13] These studies consistently showed that regimens containing CYC were better than corticosteroid alone in the preservation of renal function. Long term follow up (median 11 years) also indicated that pulse CYC continued to have better efficacy than pulse methylprednisolone (MP) alone. 13 "About one fifth of patients with proliferative lupus nephritis may not respond to CYC treatment" Although CYC and corticosteroid is the standard initial treatment of severe proliferative lupus nephritis, the optimal route of CYC administration, dose, and duration of treatment is uncertain. Recent evidence seems to suggest that both the efficacy and toxicities of CYC may be related to the cumulative dose being administered. [14] [15] [16] Although a lower dose and shorter course of CYC may limit toxicities, 17 its long term efficacy in preserving renal function when compared with standard CYC regimens remains to be established. Renal flares are common after discontinuation of CYC, 18 and maintenance treatment after an initial CYC response is recommended. Depending on treatment regimens and definitions of remission, up to 22% of patients with proliferative lupus nephritis are refractory to CYC treatment. 19 Immunoablative high dose CYC, with and without stem cell rescue, and combination of CYC with other modalities such as the nucleoside analogues, plasmapheresis, and the monoclonal antibodies are being explored. Other modalities such as cyclosporin A, mycophenolate mofetil, intravenous immunoglobulin and B cell tolerogen have also been added to the therapeutic armamentarium for severe proliferative lupus nephritis.
CYC IN LUPUS NEPHRITIS
A series of randomised controlled trials were conducted by the NIH group of investigators. [9] [10] [11] [12] [13] In the first study, intravenous pulse CYC plus oral corticosteroid was shown to be significantly more efficacious than corticosteroid alone in the preservation of renal function beyond five years. 9 An extended observation for four more years showed similar results. 10 The benefits of CYC were particularly apparent in high risk patients who had more chronic histological changes on renal biopsy. In the second study, in addition to the demonstration of better efficacy of CYC than pulse MP alone, an extended course of pulse CYC (30 months) was associated with a significantly lower rate of renal relapses than a short course of pulse CYC (six months).
11
The third study demonstrated the superiority of a combination of pulse MP and pulse CYC over pulse MP alone in the induction of remission. 12 Long term observation suggested that pulse MP and CYC might be synergistic. 13 Thus, corticosteroid plus an extended course of intravenous pulse CYC becomes the standard protocol for the initial treatment of aggressive lupus nephritis in many centres. 
ROUTES OF CYC AND DURATION OF TREATMENT
Daily oral CYC and prednisone was originally used for treating severe lupus nephritis in the 1970s, and was shown to be more effective than prednisone alone. [20] [21] [22] [23] [24] The demonstration of the superiority of intravenous pulse CYC over daily oral CYC in the NIH study 9 and fewer side effects such as cystitis, amenorrhoea, and malignancy in the pulse regimen has rendered oral CYC out of favour.
However, it is noteworthy that in the NIH study, 9 the median duration of oral CYC treatment was 48 months at a daily dose of 1-4 mg/kg/day. Although a lower dose (1 mg/kg/ day) was used in the combination arm (oral CYC + azathioprine (AZA)), the median duration of treatment was still as long as 4.3 years. An average patient would definitely have received a cumulative dose of more than 70 g of CYC. As recent evidence suggests that many of the side effects of CYC such as malignancy and ovarian failure are dose related, 15 25-27 it appears that the greater toxicities of the oral CYC regimens in the NIH study were contributed to by the higher cumulative doses rather than by the route of administration. Recent regimens consisting of a shorter course (six months) and a lower daily dose (1-2 mg/kg/day) of oral CYC appear to be well tolerated, with a much lower reported incidence of toxicities such as cystitis and malignancy. 14 28-30 Whether daily oral CYC is more efficacious than intermittent pulse CYC in lupus nephritis is uncertain. In the NIH study, 9 it appeared that intravenous pulse CYC was more effective than the oral CYC regimens in the preservation of renal function beyond five years. However, the difference was not statistically significant. Moreover, the result could not be extrapolated to DPGN as all histological classes of lupus nephritis were included in the trial. A recent study compared the outcome of two historical cohorts with lupus related DPGN treated with prednisone and either 12 intravenous pulses of CYC or six months' oral CYC (1-2 mg/kg/day) followed by AZA (2 mg/kg/day).
14 It was shown that the oral CYC regimen had a trend of higher remission rate, fewer renal relapses, and lower risk of renal function deterioration when compared with the intravenous arm. This trend was evident at six months after treatment and persisted up to 24 months. Although long term data are still pending, this study suggests that an initial induction with a higher cumulative dose of CYC is associated with a higher remission rate and fewer relapses of nephritis.
"A higher remission rate of nephritis occurs with an initial higher cumulative dose of CYC"
The optimal duration of CYC treatment is again unclear. In the study of Boumpas et al an extended course of intravenous pulse CYC was associated with a significantly lower cumulative risk of renal relapses than a shorter course of CYC at 60 months of follow up (55% v 10%, p=0.006).
11 There was also a trend towards a lower risk of creatinine doubling in the extended CYC arm. However, a longer course of CYC was associated with more side effects such as cervical dysplasia.
The Euro-Lupus Nephritis Trial was a multicentre randomised study comparing a higher dose intravenous CYC (eight standard pulses in 12 months) with a lower dose CYC regimen (six fortnightly pulses of 500 mg) for proliferative lupus nephritis. 17 AZA (2 mg/kg/day) was used as maintenance after CYC was stopped in both arms. It was shown that no significantly higher probability of treatment failure and renal flares occurred in the lower dose regimen. Infective complications were fewer in the lower dose group, but statistical significance was not be reached. This study suggests that a shorter duration and lower dose of CYC induction, followed by AZA maintenance is an effective regimen for lupus nephritis, with toxicities reduced. However, as patients with different histological classes of lupus nephritis were recruited and most patients had relatively mild renal disease (22% with renal impairment at entry), the results could not be extended to high risk patients such as those with DPGN or impaired renal function at entry. Secondly, the duration of CYC treatment in both arms was shorter than that employed in the NIH studies and the follow up period was relatively short (median 41 months). It remains to be seen whether the long term efficacy of these less intensive CYC regimens is equivalent to conventional doses and duration of CYC.
NON-REMISSION AND RENAL FLARES
Although intravenous pulse CYC is the standard regimen for severe lupus nephritis, a less favourable outcome was reported in some uncontrolled studies, with 30-50% of patients developing either doubling of creatinine or end stage renal failure within five years. [31] [32] [33] [34] [35] In the study by Gourley et al, the cumulative remission rate at five years was 85% for monthly pulse MP and 12 pulses of CYC in 24 months. 12 This illustrates that remission cannot be achieved in certain patients despite an extended course of pulse CYC. Non-remission of nephritis is a strong determinant for end stage renal disease. 3 36 Thus, more effective regimens are needed, especially for high risk patients such as black subjects and those with high chronicity scores on renal biopsy. 5 6 9 30 ″A flare of nephritis after discontinuation of CYC is common and maintenance treatment is recommended"
Flare of nephritis after discontinuation of CYC is fairly common. Recurrence of nephritis is associated with new immunological and inflammatory insults to the kidney, and cumulative damage will lead to deterioration of renal function. The relapse rate of nephritis after CYC treatment of diffuse proliferative lupus nephritis ranges from 10 to 66% in various studies, depending on the severity of nephritis on recruitment, treatment regimens, definition of relapse, and the duration of observation. 11 37-39 Ciruelo et al described a cumulative rate of renal relapses of 46% at 10 years in patients treated with corticosteroid and CYC (intravenous or oral) for a median of 31 months. 37 Boumpas et al found that 27% of patients who were treated with prednisone and intravenous pulse CYC had a renal flare within five years of treatment. 11 Moroni et al observed that 66% of their patients treated with corticosteroid and cytotoxic agents had nephritis relapse over a median follow up of 128 months. 38 Ioannidis et al described a cumulative relapse rate of 50% at 80 months in patients with proliferative lupus nephritis who remitted after intravenous pulse CYC. 39 A recent study by Illei et al reported that 45% of patients who remitted completely or partially after intravenous MP, intravenous CYC, or a combination of both, had renal relapses after a mean follow up of 117 months. 18 
MAINTENANCE TREATMENT
As renal flares are fairly common after CYC is discontinued, maintenance treatment with a less toxic drug is needed. Long term AZA after an induction course of CYC was a possible strategy to prevent renal relapses. 17 28 30 In a recent multicentre retrospective study of 174 patients with SLE related DPGN, it was shown that long term AZA (1-2 mg/kg/day) after successful CYC induction was associated with significantly fewer renal flares. 40 Boletis et al compared the efficacy of monthly intravenous immunoglobulin (IVIg) with maintenance intermittent pulse CYC in 14 patients who had completed a six month course of pulse CYC for proliferative lupus nephritis. 41 The relapse rate was similar in both arms after a period of 18 months. However, the power of the study was not sufficiently large to show a difference between the efficacy of immunoglobulin and intravenous CYC as maintenance treatment.
An ongoing randomised controlled trial in 54 patients with proliferative lupus nephritis demonstrated that maintenance treatment with mycophenolate mofetil (MMF) (500-3000 mg/day) was more effective than either quarterly intravenous pulse CYC (0.5-1.0 g/m 2 ) or AZA (0.5-3.0 mg/kg/day) in the prevention of renal flares after an initial successful induction treatment with four to seven pulses of CYC. 42 At 42 months, the cumulative probability of renal relapse was higher for CYC (43%) than for AZA (37%; p=0.21) or MMF (8%; p=0.03). MMF was associated with significantly lower rates of infection and admission to hospital than CYC.
COMBINATION REGIMENS CONTAINING CYC
Combination strategies to achieve a synergistic effect and reduce adverse events are being studied. The recent extended observation of the NIH study showed that pulse MP was synergistic with pulse CYC in the induction of remission and prevention of renal function deterioration without enhancing toxicities. 13 A combination of CYC and AZA has also been evaluated. 9 20 24 A meta-analysis reported that the CYC and AZA combination was more effective than prednisone alone in reducing end stage renal failure. 43 The addition of AZA appeared to be CYC-sparing, with a lower daily dose of CYC required and hence fewer treatment related toxicities. 9 Nucleoside analogues Fludarabine is a purine nucleoside analogue with selective activity against both dividing and resting lymphocytes. Low dose fludarabine depletes both B cells and certain T cell subsets. It was effective and well tolerated in the treatment of refractory idiopathic and lupus membranous nephropathy. 44 A phase I/II study combining fludarabine and monthly low dose oral pulse CYC in lupus nephritis is underway. 19 Another nucleoside analogue, 2-chloro-2'-deoxyadenosine, has also been evaluated in patients with proliferative lupus glomerulonephritis. A phase I study has established the safety and efficacy of this agent in the treatment of 12 patients with SLE. 45 
Plasmapheresis
Plasmapheresis was proposed to improve the efficacy of CYC treatment of lupus nephritis. However, in a randomised trial, addition of plasmapheresis to a regimen of corticosteroid and oral CYC did not appear to improve significantly the clinical outcome of patients with severe lupus nephritis. 46 A synchronised plasmapheresis regimen with high dose CYC was employed by some investigators. [47] [48] [49] The idea was to remove the autoantibodies and stimulate a rebound of pathogenic B cell clones, which would then be depleted by the cytotoxic effect of pulse CYC. Despite early reports of success, 47 recent randomised controlled trials have not shown apheresis-CYC to be better than pulse CYC alone in the treatment of lupus nephritis in the long run, although addition of apheresis was associated with a more rapid remission. 48 49 Anti-CD20 monoclonal antibody Rituximab is a chimeric mouse/human anti-CD20 monoclonal antibody that has been proved to be effective in depleting B cells in vivo. 50 Rituximab has been used anecdotally in the treatment of life threatening SLE. 51 An open study of six patients with active SLE who were resistant to immunosuppressive treatment (corticosteroid, CYC, AZA, cyclosporin A (CSA), MMF) showed improvement in disease activity in five patients who received a protocol consisting of high dose oral prednisolone, two infusions of rituximab, and two infusions of intravenous CYC. 52 Depletion of CD+19 B cells lasted for 3-6 months but the change in anti-dsDNA titres was variable. Treatment was well tolerated with no adverse effects related to rituximab infusion reported.
IMMUNOABLATIVE CYC TREATMENT
Immunoablative high dose CYC has shown preliminary success in SLE. High dose CYC, with stem cell rescue, ablates the pathogenic and autoreactive immune cells in the bone marrow and has been shown to induce remission of SLE for a median of 25 months in seven patients. 53 Another study using a lower dose of CYC (50 mg/kg/day for four consecutive days), followed by granulocyte-colony stimulating factor stimulation for white cell count recovery but without stem cell rescue, has also demonstrated efficacy in seven patients with refractory and severe autoimmune diseases, including two patients with SLE. 54 The outcome of 14 patients with SLE, in whom the same treatment protocol was used, was recently reported. 55 Nine of the patients had corticosteroid resistant lupus nephritis, and seven patients achieved either a complete or partial response after a mean follow up of 27 months.
ALTERNATIVE TREATMENTS
For patients who are reluctant to receive CYC or who are intolerant or refractory to the drug, other treatments can be considered. These include AZA, CSA, MMF, immunoadsorption, IVIg, anti-CD40L monoclonal antibody, and LJP394.
Azathioprine
The efficacy of AZA in lupus nephritis was evaluated in the NIH study. 9 Although CYC showed a trend towards better renal function preservation than AZA beyond five years, the difference was not statistically significant. Two pooled analyses of clinical trials in lupus nephritis did not show any significant difference in the efficacy of CYC and AZA for the preservation of renal function. 43 56 A recent retrospective study showed that the long term outcome of patients with diffuse proliferative lupus nephritis treated with AZA approached that of CYC. 57 As CYC has become the standard regimen for severe lupus nephritis, further comparative studies between CYC and AZA are no longer available.
Cyclosporin A Uncontrolled studies have reported the efficacy of CSA in the treatment of proliferative lupus nephritis, especially in those patients who were resistant to or dependent on corticosteroids. 58 59 In a randomised controlled study comparing CSA with a combination of corticosteroid and oral CYC in paediatric patients with proliferative lupus nephritis, an equivalent short term efficacy was demonstrated in both treatment arms. 60 No comparative trials between CYC and CSA in adult patients with SLE are available, making the evidence for the initial use of CSA in severe lupus nephritis less convincing. However, CSA is an option in patients who cannot tolerate other cytotoxic agents because of cytopenia. Flares of disease activity may occur when the drug is tapered or suddenly withdrawn because of intercurrent infection or nephrotoxicity. 59 60 Mycophenolate mofetil MMF is a new immunosuppressive agent increasingly used in SLE. 61 Uncontrolled studies and case series have demonstrated the efficacy of MMF in the treatment of renal and non-renal lupus refractory to conventional cytotoxic agents. [62] [63] [64] A randomised controlled trial performed to compare MMF with sequential oral CYC followed by AZA in proliferative lupus nephritis showed an equal efficacy of the regimens at 12 months, 29 but extended follow up for 36 months revealed a higher rate of renal relapses in the MMF arm. 65 MMF has also been shown to be better than either AZA or quarterly pulse CYC as maintenance treatment after successful initial pulse CYC induction for proliferative nephritis. 42 Although toxicities are lower with MMF, the lack of long term data to show an equivalent efficacy with conventional CYC regimens is a major 
Immunoadsorption
Although plasmapheresis did not demonstrate additional benefits in severe lupus nephritis, immunoadsorption using staphylococcal protein A or C1q columns has been shown to be useful for refractory SLE in a small case series. 66 67 Intravenous immunoglobulin In a small trial IVIg was shown to be as effective as intravenous pulse CYC as maintenance treatment in proliferative lupus nephritis. 41 IVIg has also been successfully used in patients with lupus nephritis resistant to conventional regimens. 68 However, the high cost and the possibility of sucrose nephropathy are its major limitations.
Blockade of costimulatory molecules
Biological response modifiers, such as CTLA4-Ig and anti-CD40L monoclonal antibodies, to block the interaction between T cells and B cells are being evaluated in SLE. 2 19 69 The interaction of B7 molecules on B cells and CD28 on T cells provides an important second costimulatory signal for T cell activation and production of antibodies by the B cells. A fusion protein consisting of CTLA4 and an immunoglobulin chain (CTLA4-Ig) binds B7 with a higher affinity than CD28 and inhibits B7/CD28 interaction. CTLA4-Ig has been shown to reduce autoantibody production, ameliorate glomerulonephritis, and prolong survival in murine lupus. 70 A recent study showed that a combination of CYC and CTLA4-Ig was more effective than either agent alone in murine lupus nephritis. 71 Another receptor-ligand pair, CD40 (on B cells) and CD40L or CD154 (on T cells), also provides an important costimulatory signal for T and B cell activation. Selective blockade of CD40L/CD40 interaction attenuates nephritis and improves survival of lupus-prone mice. 72 A phase I trial demonstrated that IDEC-131, a humanised monoclonal antibody against CD40L, was safe and well tolerated in human SLE. 73 However, a phase II randomised placebo controlled study did not show superiority of the agent over placebo at 20 weeks in 85 patients with active SLE, including 28% of patients with renal disease. 74 B cell tolerisation (LJP394) LJP394 (abetimus sodium) consists of four 20-mer dsDNA epitopes conjugated to a non-immunogenic polyethylene glycol platform. It tolerises B cells by cross linking anti-dsDNA surface immunoglobulin receptor on the B cell and triggering the signal transduction pathways that lead to B cell anergy or apoptosis. 75 A partially randomised placebo controlled study in 58 patients demonstrated a significant reduction of antidsDNA titres in patients receiving the highest dose of LJP394. 76 The reduction in titres persisted for eight weeks after discontinuation of the drug. The incidence of adverse events was comparable in the placebo and active treatment groups.
A multicentred phase II/III trial on the efficacy of LJP394 in the prevention of renal flares in 230 patients with lupus nephritis (WHO class III, IV, or V) has just been completed. 77 It was demonstrated that in patients with high affinity of their serum IgG fraction for the DNA epitope of LJP394, treatment with the drug significantly reduced the number of renal flares, prolonged the time to renal flare, and was associated with fewer high dose immunosuppressive treatments at 76 weeks compared with placebo. LJP394 appeared to be well tolerated and adverse events were not significantly more common in the treatment group. An international phase III trial is underway. 69 78 Other newer modalities Other potential treatments for lupus nephritis include the anti-C5 complement monoclonal antibody, anti-interleukin 10 monoclonal antibody, anti-B lymphocyte stimulator and human recombinant DNAase. 2 69 78 They are still in the preliminary stage of development. 
ADJUNCTIVE TREATMENTS IN LUPUS NEPHRITIS
Non-immune mechanisms such as hypertension and proteinuria are often implicated in the deterioration of renal function in patients with lupus nephritis. 79 Thus, vigorous control of blood pressure and proteinuria is an important adjunctive measure in the management of lupus nephritis. Although angiotensin converting enzyme inhibitors have been shown to be anti-hypertensive, anti-proteinuric, and renoprotective in conditions such as idiopathic membranous nephropathy, 80 they have not been properly evaluated in patients with lupus nephritis. Uncontrolled series suggested that they may be beneficial in patients with lupus nephritis with severe hypertension and proteinuria. 81 82 If proteinuria does not respond to salt restriction and angiotensin converting enzyme inhibition, the angiotensin II receptor antagonists may be considered. 83 Treatment of hyperlipidaemia after adequate control of proteinuria, blood pressure, and dietary fat intake may not alter renal progression but should be undertaken to offer protection against accelerated vascular disease. 79 
TREATMENT ALGORITHM
Because of the limited reported information, there are no universal protocols for immunosuppressive treatment of severe proliferative lupus nephritis. The treatment plan has to be individualised according to the clinical situation, degree of activity and chronicity on renal histology, wishes and tolerability of the patients, and the presence of confounding variables such as intercurrent infection, severe cytopenias, and the presence of extrarenal disease. The principal goals of treatment are to induce remission of nephritis, prevent renal flares, and preserve renal function in the long run. These also have to be balanced against the risks of treatment related morbidities. Figure 1 outlines a suggested algorithm for the immunosuppressive treatment of severe proliferative lupus nephritis. This is by no means absolute, as different international experts would recommend different protocols.
CONCLUSIONS
The prognosis of lupus nephritis has improved significantly over the past few decades. This has been partly contributed to by a better understanding of the natural history of the disease, improved treatment regimens, and the use of adjunctive treatments. New treatments directed against more specific targets may theoretically be associated with higher efficacy and lower toxicity. It is hoped that more treatment options can be offered to patients with proliferative lupus nephritis in the near future, and the prognosis of the condition can continue to improve. 
